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The Dark Energy Survey

• Study Dark Energy using 

    4 complementary* techniques:

        I. Cluster Counts

      II. Weak Lensing

      III. Baryon Acoustic Oscillations

      IV. Supernovae

•    Two multiband surveys:

         5000 deg2 g, r, i, Z,Y to i~24

       9 deg2 repeat (SNe)

•    Build new 3 deg2 camera 

      and Data management system

      Survey 30% of 5 years 

DES Forecast: FoM =4.6x

                 

Blanco 4-meter at CTIO

*in systematics & in cosmological parameter degeneracies
*geometric+structure growth: test Dark Energy vs. Gravity
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DECam Introduction

DECam Focal Plane

62 2kx4k Image CCDs: 520 MPix
8 2kx2k focus, alignment CCDs

4 2kx2k guide CCDs

LBNL full depletion CCDs
High QE @900nm

SNAP 
4 3.5k x 3.5k 
10 μm pixels

DES
4 2k x 4k 

15 μm pixels

BOSS 
1 4k x 4k

15 μm pixels

Fermilab packaging and testing the CCDs
4-side abutable science package

Michigan/UCL optical design
FWHM: ~ 0.25”    2.2 deg FOV    400-1000μm
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DECam Introduction

Focal plane

C5, vacuum 
window

CCD
Electronics

C4

C2 - C3

Filters &
Shutter

C1

2.2 degrees,    ~1 meter



CTIO Blanco

• The Blanco was the last 
of the great equatorials

- Hale, Lick, Mayall, AAT
- i.e., a proven design,
- i.e., 70’s technology

• Solid primary mirror

- 50cm thick Cervit 
- weighs 15 tons

• Mechanical mirror 
support system

- radial: purely mechanical
- axial: 3 load cell hard 

points + controllable 
support cells 24 Radial Supports

3 Hard Points

33 Pressure Pads
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Blanco seeing
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CTIO now understand this 
telescope better than ever 
before. 

Plenum removed, radial supports repaired, 
partially retuned and rebalanced

pre- and post-shutdown Oct/Nov 2005

Not in the same class as 
Magellan, but perfectly 
capable of sub-arcsecond 
imaging without active 
control of optical axis and 
with a corrector with 
known “issues”



• non-linear evolution of the matter density
– P(k) for weak lensing, BAO

– halo characterization for clusters, BAO, weak lensing

– sensitivity to baryonic physics 

• gas dynamic simulations of clusters
– form of cluster observable-mass reln’s : p(ySZ , Ngal,… | M,z) 
– sensitivity to galaxy/AGN physics

• mock sky surveys of galaxies and clusters 
– tune optical + SZ cluster finding algorithms
– test cluster self-calibration: feed `end-to-end’ analysis pipeline

– refine techniques to model galaxy formation and evolution
empirical: halo occupation, ADDGALS

first principle: SAM’s, direct gas dynamic simulation

Simulations are Important to DES

Gaztanaga, Fosalba, 
Castender, Manera,

Kravtsov, Rudd, Ricker

Wechsler, Weinberg, Nord, 
Stanek, Rasia, Evrard, Lin, 

Stoughton 

Kravtsov, Rudd, Ricker, 
Stanek, Nord, Evrard  



• Study Dark Energy using 

    4 complementary techniques:

        I. Cluster Counts

      II. Weak Lensing

      III. Baryon Acoustic Oscillations

      IV. Supernovae

                 

DES Forecasts: Power of Multiple Techniques

Blanco 4-meter at CTIOw(z) =w0+wa(1–a)           68% CL

geometric

DETF Figure of Merit:  inverse area of ellipse

Stage II not
included here

geometric
+growth

Assumptions:
Clusters: 
σ8=0.75, zmax=1.5,

WL mass calibration

BAO: lmax=300  WL: lmax=1000  (no bispectrum)

Statistical+photo-z  systematic errors only

Spatial curvature, galaxy bias
marginalized,    Planck CMB prior

Factor 4.6 improvement over Stage II



Photo-z

Photo-z systematic errors 
under control using existing 
spectroscopic training sets to 
DES photometric depth

DES griZY 

+VHS JHKs on

ESO VISTA 4-m

DES griZY 



10m South Pole Telescope (SPT)

DES survey area overlaps SPT area
	 aimed at photo-z plus cluster physics
	 SZ has low-scatter mass estimators

PI: J. Carlstrom (U. Chicago)

John Carlstrom’s project
	 1000 element bolometer array
 1.25’ resolution
	 4000 sq-degree SZ survey
	 taking data!



SDSS Stripe 82
-50 < RA < 50   -1 < Dec < 1 

200 sq-degrees
Overlap redshift surveys

SPT Area
-60 < RA < 105   -65 < Dec < -30
-75 < RA < -60  -65 < Dec < -45 

4000 sq-degrees
Overlap SZ survey

Connection region
20 < RA < 50   -30 < Dec < -1 

800 sq-degrees

The DES Survey Area
NOAO time allocation: 5 years at
22 nights:  September, October, November, December
22 half nights:   January, February
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DES Schedule Goals

• September 2009: DECam maintenance facility operational at CTIO 

• January 2010: New Telescope Controls System operational on the Blanco

• April 2010: Commission the DES DM at NCSA and transfer simulated 
data through the DTS to NCSA.

• April 2010: Deliver a partial SISPI system to CTIO and begin the 
integration of SISPI with the telescope controls system, the DTS, and the 
DES DM system. 

• July 2010: Deliver DECam to CTIO.

• July 2010: Deliver the Optical Corrector to CTIO.

• Complete commissioning and make the first science observations while 
the South Galactic Cap is visible between September 2010 and March 
2011. 



How the Survey Proceees

• Aim is to produce substantial key project science afte 
rscond observing season

• Best way to think about this is in tilings, one complete 
coverage of the survey area

• Survey can perform 8 tilings per year @ 100 sec exposures
- Year 1  g,r,i,z = 24.2 23.7 23.3 22.6  10σ galaxues

- Year 2  g,r,i,z = 24.6 24.1 23.6 23.0   μg,r,i,z (5σ )= 25.3 24.8 24.3 23.7 mags/sq-arcsec

- Year 3      i,z =                24.0 23.4

- Year 4      i,z =                24.3 23.6

- Year 5        z =                       23.9

• We are uniformly conservative in our claims:
• 0.9”

• g,r,i,z  = 24.6, 24.1, 24.3, 23.9 (10σ, galaxies)  = 26.1, 25.6, 25.8, 25.4 (5σ, psf) 

• are we going to 24th or 26th magnitude?



• The top plot shows i-band 2-year/ 
4 tiling  mean seeing.

- The left half has larger seeing than 
the right half.

- A reflection of the seeing being 
better in December-February than 
in September-October.

• The bottom plot shows what 
occurs if one takes the single best 
image for each hex

- The seeing distribution peaks at a 
smaller value, obviously.  

- The distribution is more gaussian 
and narrower: σ= 0.18 vs σ= 0.1

1.5”0.5” 1.0”

  Seeing

1.0”0.5” 1.5”

Albers



Arc predictions

• ?

• Ask Martin, Eduardo, or Joe

• DES at 2 years is comparable to RCS

- 1/2 mag deeper
- 50 times more area
- ~1000?

~0.75” seeing



Survey Mode Arc Finding

• MaxBCG cluster catalog 

- 0 < z < 0.32
- few x104 clusters
- few x105 groups
- few x106 red L* galaxies

• SDSS North has 
~400,000 fields

• You are going to have to 
look at every image 
anyway. Just do it.

- blank sky (arcfinder)
- around red galaxies

• I can deal with projects that 
take 1min/image over the 
whole SDSS

20,000

260,000

93,000

2,000,000



Selection function and false positives

Estrada et al 2007
see Scarpine’s poster

• At some level, surveys don’t care 
about faint arcs.

- there exists HST, SuprimeCam...
- rare high SB objects!

• The rate of false negatives isn’t that 
important

- within reason and
- with a selection function

• The rate of false positives is crucial!

- 1 per image is too many
- the point is not to make an eye 

survey more efficient, the point is to 
find arcs with a known selection 
function

- 1 per hundred images is closer

• Post processor is not a trivial stage

- neural nets 
- bounded decision trees..



The Dark Energy Survey

• Study Dark Energy using 

    4 complementary techniques:

        I. Cluster Counts

      II. Weak Lensing

      III. Baryon Acoustic Oscillations

      IV. Supernovae

                 

Blanco 4-meter at CTIO

The Dark Energy Survey..... so, which is it?

Start date targeted for fall 2010

DECam itself open to the community 
70% of the year



Are we fundamentalist or 
just plain evil?



In this essay I argue that this convergence can be damaging for astronomy.  
The two communities have different methodologies and different scientific 
cultures. By uncritically adopting the values of alien system, astronomers 
risk undermining the foundations of their own current success and 
endangering the future vitality of their field.



Simon White
Distinguished Astronomer of 

the late 20th Century

Simon Newcomb
Distinguished Astronomer of 

the late 19th Century

A Tale of Two Simons



The Old Astronomy

• Simon Newcomb  was the foremost astronomer of his day.

- Anything but dumb- 
• worked with Michaelson on the speed of light

• got a better answer, too...

• his calculations form the basis of the Astronomical Almanac 

• But above all he was a mathematical astronomer

- “Traditional Astronomer”
- the prevailing view of astronomy as second only to mathematics among the 
exact sciences imposed high standards on its professional practitioners in terms 
of the subjects they could pursue and the methods they could use.  Astronomy 
"must lay down the rules for determining the motions of the heavenly bodies as 
they appear to us from the earth", declared Friedrich Wilhelm Bessel 
(1784-1846), positional astronomer par excellence.  "Everything else that can be 
learned about the heavenly bodies ... is not properly of astronomical interest"

Spectroscopy and the rise of Astrophysics
http://e3.uci.edu/clients/bjbecker/astrophysics.html



The New Astronomy
In the late 19th century, many traditional astronomers viewed 
astrophysics as an upstart that would not endure... 

...many professional astronomers were investigating 
astrophysical phenomena, utilizing new astrophysical 
techniques like spectroscopy. 

...emphasis on stellar spectra and the application of a newly 
developing physical understanding of the microscopic nature 
of matter, astrophysics was a considerable depature from 
ealier astronomy, with both respect to instrumentation used 
and the basic physical laws employed 

Simon Newcomb.... [traditional mathematical positional 
astronomer held the opposite view from] George Ellery 
Hale..[discovered magnetic fields on the Sun], and opposed 
Hale’s efforts to form the American Astrophysical Society

The American Astronomical Societies First Century

Shall we imagine Simon’s 
astroph paper?



Simon Newcomb’s provocative paper...

Astrophysics

Simon Newcomb

Director, American Nautical Almanac

In this essay I argue that this convergence can be damaging for astronomy.  
The two communities have different methodologies and different scientific 
cultures. By uncritically adopting the values of alien system, astronomers 
risk undermining the foundations of their own current success and 
endangering the future vitality of their field.

BTW, he would have been right-                                                              
as soon as the astrophysicists got involved, astronomy lost its standing 
as a must-be studied/taught subject, right up there with mathematics,           
and positional astronomy has never regained its forefront status



• Look- surveys are a rich source of science, for a much 
wider set of scientists than only those with access to the 
best.

• The SDSS didn’t just produce the power spectrum papers, 
its main goal as stated to the funding agencies.

- yes, there were the 
• 4 Tegmark papers and the

• Eisenstein LRG/BAO paper

• but there was also...
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Institutions Participating 
in the DES Collaboration

• Fermilab

• University of Illinois at Urbana-Champaign

• University of Chicago

• Lawrence Berkeley National Laboratory

• University of Michigan

• NOAO/CTIO

• Spain-DES Collaboration:

 Institut d'Estudis Espacials de Catalunya (IEEC/ICE), Institut de Fisica d'Altes Energies (IFAE), 
CIEMAT-Madrid:

• United Kingdom-DES Collaboration:

  University College London, University of Cambridge, University of Edinburgh, University of 
Portsmouth, University of Sussex

• The University of Pennsylvania

• Brazil-DES Consortium

• The Ohio State University

• Argonne National Laboratory

	 	 	 	

	 	 	 17 institutions and 110 participants
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Advice to DOE and NSF and 
the FY08 Budget Request

• DETF and P5 delivered their reports to HEPAP in July 06: 
the former recommended the rapid start of a Stage III 
experiment like DES and the latter recommended starting 
DES construction in FY08. HEPAP forwarded the reports to 
DOE and NSF and recommended supporting the roadmap, 
which included DES.

• The DOE FY08 Congressional Budget Request contains a 
request for DES MIE funding for $3.6 M, with the caveat 
that funding in FY 2008 is contingent on successful 
scientific and technical readiness reviews by the interested 
funding agencies.
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Experiences with Multi-CCD Test Vessel

Mechanical
Ongoing Efforts:

• Operate Focal Plate

   Temperature Control system 
• Measure Focal Plane Flatness

Focal Plate with 4 
CCDs and Window

Progress:
• Vessel Construction experience for BoE 
• Focal Plate metrology during assembly

• Cooled Focal plate -100 C
• Control system operations includes:

• Labview operated LN2 fill system
• Labview monitors focal plate temps.

• Testbed for control system with ANL and WBS 1.5.3
• Vacuum system confirmed

      2e-6 torr Turbo Pump,  2e-7 torr Turbo + Cryopumping
      4e-7 Ion Pump and Cyropumping

• Installed Optical Window

Cooling system 
Installed


